Large-Eddy Simulation of the flow around an elastically-mounted rectangular cylinder with an aspect ratio 4 was undertaken. 1DOF analysis of the heaving and torsional motions were performed under a free vibration. Various characteristics of the flow-field at lock-in are discussed. Subsequently, a divergence-free synthetic inflow generation approach was employed to analyse the effects of the freestream turbulence on the bridge response. The inflow turbulence intensity and integral length scales were systematically studied.
Freestream turbulence effects on pitching responses
stability, reporting that freestream turbulence has a stabilising effect on the process, this aspect is not considered in this investigation. Hence, the Scru-ton number Sc is assumed to be constant throughout the lock-in region.
150
This number, based on the logarithmic decrement δ or structural damping ζ 151 is defined as
(1)
The structural damping was deduced by the relation δ = 2πζ. An important unit length m was 6.085Kg/m, and structural damping ζ was 0.21%. The 158 natural frequency of the structure f n was set as 13.43Hz. ρ f is the air density. body with sharp edges, we don't expect evident discrepancy due to a small 170 difference of Reynolds number.
171
Again, the structural damping is assumed to be constant with the Scruton number Sc = 7.862 under the definition:
The corresponding mass moment of inertia per unit length I was 0.01494Kgm,
174
and structural damping ζ was 0.162%. The natural frequency of the structure 175 f t was set as 21.5Hz. 
Turbulence model
The high fidelity turbulence model -Large-Eddy Simulation (LES) was
193
performed throughout this work. The filtered continuity and Navier-Stokes
194
equations of LES are written as follows,
The dynamical quantities, u i , p are resolved-scale (filtered) velocity and pres-
196
sure respectively, and τ ij is the subgrid-scale (SGS) Reynolds stress. The 
Inflow turbulence generation for LES

210
The approach in Xie and Castro (2008) , which is denoted Hybrid Forward
211
Stepwise (HFS) method, imposes correlations using an exponential function 212 to satisfy the prescribed space and time integral length scales. It is a synthetic 213 turbulence generation method. The inlet velocities can be written as,
where i, j = 1, 2, 3. u i is an instantaneous velocity which is imposed at the 
This matrix builds scaling and cross-correlations based on u * ,j in Eq. 4.
221
To impose correlations on random sequences, the HFS approach adopts an 222 exponential function instead of a Gaussian function used in the early digital-223 filter based methods. The digital filter method was used to generate spatial 224 correlations,
where number sequence with a zero mean, a unit variance and spatial correlations.
229
Note that the subscripts, m, j, are the position indices. The constant b j is estimated as,
It is straightforward to generate spatial correlations for a two dimensional 232 space (cf. Eq.6) as,
It is to be noted that only one slice of two dimensional data, ψ m,l , is 234 generated at each time step. Based on these data, a time correlation is built 235 using the efficient forward stepwise relation,
where the constant C XC = π/4 and T is the Lagrangian time scale which is 237 estimated using T = L/U 1 where, again, L is a turbulence integral length 
where Differential Equation (ODE) to prescribe the motion of the cylinder. In the 279 present work, the response of the structure was calculated using a forced 280 mass-spring-damper equation.
281
For heaving motion (in §4.1), the governing equation of the structure is 282 written as follows,
where m is the mass per-unit-length of the structure, ζ is the damping ratio, is integrated for each time step using the Runge-Kutta-Fehlberg method.
289
For the pitching motion (in §4.2), the governing equation of the structure 290 is written as follows,
where I is mass moment of inertia per-unit-length of the structure, ζ is 292 the damping ratio, ω t is the circular natural frequency of the structure of 293 pitching, C m (t) is the pitching moment. 
where u is the fluid velocity vector, A is the cell-surface-normal vector and u b
303
is the boundary velocity vector of the cell-face. To govern the vertex motion,
304
OpenFOAM adopts a Laplacian smoothing scheme, described by
where u p is the point velocity, which is imposed at each vertex of the control 
The variable γ prescribes the distribution of deforming cells around the 
Numerical approach
321
A second order implicit scheme was used for the temporal discretisation 322 and the bounded Gamma scheme (Jasak (1996)) was used for the convection 323 term. For the latter, the chosen value of β determines the blending between
324
Central differencing and Upwind differencing. In this work, β was set as 0.1,
325
as suggested by Jasak (1996). The PIMPLE algorithm was adopted for the 
348
The overall distribution of the mesh within the 3D domain is shown in Fig.   349 1, with the origin of the reference system placed at the left bottom corner of 350 the inlet plane when looking downstream.
351
The time duration for initialising the calculation of all cases was set to and was adequate to achieve the VIV response. vortices. This interaction is rather complicated, especially after lock-in. 
493
The three velocity components for the von Karman spectra are described,
where L is the integral length scale, f is the frequency, σ 2 is the variance, and it can be deduced that there is some correlation between the eddies of the 542 freestream turbulence, and MIV and subsequently the structural response.
543
More specifically, the turbulence with the integral length scales in the cur-544 rent tested range must reduce the strength of the MIV formed at the leading 545 edge. This is further discussed in §6.
546
Turbulence effects for the torsional motion are presented for the lock- at the centre-line of the side face for sampling instantaneous surface pressure.
563
The corresponding spanwise correlation for static pressure was defined as
The correlation coefficient R dance to the largely reduced vibrational amplitude (Fig. 2) . These suggest 574 that the spanwise correlation is dominated by the motion magnitude of the 575 structure.
576
Similar trend was also observed for the torsional responses. It is not 577 presented in this paper due to limited space.
578
The turbulence effects on the spanwise correlation of surface pressure spanwise correlation of surface pressure leads to large structure deformation.
588
As discussed in §1.1, in a freestream turbulent flow the structure response plitude of the structure response (Fig.7) . However, it is to be noted that (Fig.3) .
621 Fig.14(a) shows the flow patterns for the cylinder situated in a smooth flow.
622
It can be seen in this figure that the MIV formed at the leading edge (e.g.
623
vortex 'A1 in Fig.3(ii) ) has a two-dimensional structure along the span; this 624 can also be seen in Fig.13(A) . At the same time, towards the trailing edge 625 (x > 2B/3), another region can be identified where the vortices formed from 626 the previous cycle convect into the wake. In this region, some correlation 627 along the span is evident. However, it should be noted that this is not as 628 two-dimensional as the vortex at the leading edge.
629
In Fig.14(b) , it can be seen that the disturbances induced by the freestream 
